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FOREWORD

This report was prepared by the Mapping and Charting Research
Labvoratory of the Ohio State University Research Foundation, under
USAF Contrect No, AF 18(600)90. The contract was administered under
the direction of the Mapping and Charting Branch, Photographic
Reconnaissance Laboratory, Air Research and Development Command,
Wright-Patterson Air Force Base, Deyton, Ohio with Mr, D, L, Radcliffe,
Chief of the Mapping and Charting Branch, as Project Engineer,

Research and Develovment Order No, R683-is, "Charting, Aeron-
autical, Photogrammetry and Geodesy," and R683-58, "Aeronautical
Charting Systems," are applicable to this report,

This report is identified by the Ohio State Research Foundation

as OSURF Technical Paper 157, Project 485,
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ABSTRACT

In many of the current radar sets, ground-range presentation
is not available, However, vartial compensation for the slant-range
distortion can be obtained by changing all of the ranges by a constant
amount, known as the "altitude delay." A basis for selecting the magni-
tude of this delay is described in this paper and a graph is provided

for ite determination,

PUBLICATION REVIEW
This report has been reviewed and is apvroved,

k, GORDON A, BLAKE
Brigadier General, USAF
Chief, Weapons Components Division
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NOTRES ON AJPITUDE DELAY SETTINGS

I. Statement of the Probley
1.1 Yarious methods fer compemsating for the effect of the slant
range presentation of the customary redar set have beea proposed. The
most satisfactory method, at least ia theory, is the imclusion ia the
radar set of circuits wvhich sutomatically compute anéd present the correct
grouad range.

1.2 In many of the curreant radar sets, however, partial compensation
for this effect is obtained by chaanging all the ranges dy a constaamt
amount, kmowa as the "altitude delay.™ Considerable arbitrariness
exists in the choice of the value {0 be used for this delay.

1.3 If the slant ranges are changed by an amount equal to the altitude

of the aircraft, the "altitude hole" is eliminated. The resulting pre-
sentation is meither "ground range® mer "slant raange." Vhea the altitude
delay is selected ardbitrarily, this last statement usually holds.

1.4 Now, we knov that for many combinations of scope Setting and
altitude the difference between slant and ground ranges is so small, over
certain portions of the scope face, that it is incapadble of detection.
Thus, over these portions of the scope, ve may assume that we have a
grouad ramge preseatation. These considerations suggest the following
eriterion for selecting the altitude delay.

1.5 Por a particular combimatiom of altitude and range setting on
the scops, the al titude delay is to be chosea 30 as to maximize the area
oa the scope in which the assumption of ground range presentatioa is
valid.

1.6 That this criterioa completely determines the altitude delay as
a function of aircraft altitude and range setting may de seen in the
following section. '
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1I. Determination of the Delay

2.1 Due to the difficulties inherent in the processes of ideatification
and measurement on a radar scope photograph, it seems safe to assume that
we cannot determime the position of a "point™ on a photogreph with a
precision exceeding 0.61 inch. Thus, since the radius of the scope

face is about 2.§ inches, we cannot Cetermine the range at a "point™ on
a photograph with a precisioa better tham (-g-'-gl)k.. vhere R, 1is the
range setting of the scope. .

2.2 Let h bYe the aircraft altitude, d the altitude delay, and
let R and r denote the slant and ground ranges, respectively, to
a point P on the scope photograph. Then the condition that the
assumption of ground range preseatation be valid at P 1is
nl
R-dor| « 55
and the condition that this assumption bde valid.om an interval

Ry RS Ry is |[R-d-r| # 250 for R, £ R S Ry .

2.3 Since our comditioms do mot involve the azisuth, it follows
that the problem of maximising the area on the scope im which the
assumption of grouad range preseatatioa is valid is equivalent to
maximising the length of the interval R, # R £ R3 ; 1.9.; it 18
equivalent to maximizing the differemce Ry-R;.

2.4 Now,

Rer -1-]3’-).’

is a decreasing functiéa of R, Hemce, R; ,Ra,sad 4 satisfy the

inequalities
l;-,/ll-h' -a%xR
-Ra+ /R « X}

“nlth‘.. [

(1)

vhorok-ils-o- .
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2.5 Eliminating d from the first two inequalities,

Ry -/ Bj-1® €R; - /R3-1" + 2)R . (2)

2.6 Hence, if
h€R (1+2k)-/R5-0%, (3)
then

Ry -/ Bi-h® €h = B (1+2x) - J R:-h’ £R;-/ B30 + 2R, (4)

and the inequality (2) is satisfied by all values of R, and R
lying between h samd R- . 1a this case, the difference R;-~-R;

is maximized if we take R, = h snd R; = R,. The value of 4 1is not
uniquely determized. Any value of 4 satisfying

h-kRB £d €R (1+N -./n:-h° (5)
will satisfy the imequalities (1). Iam order to have a single value

for 4, we choose the smaller of the two extreme values; i.e.,

(6)

h-kR ,XR < h <R (1+2k) - ./ B®-1n?
n » n | ]
0O ,he€kR
n

2.7 Now, suppose

heR (1+2K) - J R:- n? (7)

Thea there are valuss of R, and R for which the sign of equality
holds im (2). The imequality (2) may be transformed into the inequality

JBR2-n? - KR
Ba-By < 33-7 ng-h’

1+ ==x_ 8)
‘"

The numerator of this fraction imcreases with Rz ;, vhile the
denouinator decresses as R; increases. Hence, the fractioa
increases as R; ihoressssand the maximum valus of Rz~ R; 4s odbtained
for Ry = l.;

max. (Bg~8,) = * - =R, - R .

> n‘ (9)
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2.8 et kg =R (1¢2) - /E-W . (10)
Then
Rple2k+ 2¥") - Rg (1 #2k) Jnj{-h’

B Ry S A
LS
Zh,

. (11)

with the equality siga holding if, aad oaly if, h = hy . Thus, the
solution given by {9) is valid for h & hy, Dut does mot hold whea
A < kg {since thea R, = h),

2.9 Vhea haDh,,

S 3 +0fy2
80 that, from (1), 4 wmust satisfy

hg - kR, § 4 € h,-kE,,

vhence
d=h- kR =Ret +X) = /B3 - B° (13)
2.10 Recapitulating, we have
Ry = B' . (1“)
R ,vhem h é kg =R, (1+2k) - /B}-1?;
R; = h3+h: vhea & & h (15)
2y’

0 , whea h € kRy
"d =<h - kR, ,vhea kR, < h ¢ hy (16)
hg - kRy, vhen hy € h
2.11 The curves contained im FPigures 1 and 2, pages 5 and §, illustrate

these functions. To facilitate the computations of these curves, the
following parameters were introduced:

sin 0 = ﬁ‘; (17)
=1+ Lgin® 2 (18)
P K 2 .
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In terms of these parameters, equatioms (14), (15), and (16) become

-R, l-9in @, vhen sin 0 ¢ 2 kp
!L_.

(19)
By -Lg-!-Zk,vhcn sin 0 ® 2 kp,
0 , vhen oin Q0 £ k
-n;‘- = 912 O - k, wvhen k < 12 O € 2kp (20)
k(2p«l) , whea sin @ = 2kp,
where k 8‘5% ,

2,12 The critical value of 0, 9,, for which

h =B (1+2K = / R3-0? (21)

may be obtained as follows: Dividing through by Ry

sin 0p = 1+ 2k« cos 0y , (22)

or
sin (0o + 45°) = ‘22..: ’ (23)
vheace, 0 = (sta™ 355 ug0, (24)
and sin @ = 1#&’2 L T ’ (25)
cos 9o = 42]:4-2 = M- . (26)

2.13 The following ‘nluu illustrate the readiag of the respective
figures.
In Pigure 1, vhen h =15.0 and By = 50.0, d = 2.5 and RBgeR, = %0 .

In Pigure 2,vhen h = 3.0 and Rqg =30.0;, & =0.27.
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II1. The Imcrease in Usable Range

3.1 Figure 3, page 10, illustrates the increase in usable range
given by the delays determined from FPigure 2 when compared to zero
delay (slant range presentation). When no altitude delay is used
all ranges satisfying the inequalities

R-/R-1% € kBy,

h € R £ Ry
may be assumed to be ground ranges. If h € kR,,

then
R-/R-n° €h <Kk,

and all ranges from h to Ry are usable as ground ranges. Whea

h 2 kRg, all ranges satisfying
Bo £ R £ Ry ,

where Bo -/ B3-1% = kRyp ,

may be assumed to be ground ranges. We find

n® _ kBa

3.2 Thus,
R » h € kRy

k
T -

3.3 The requiremeat R, € Ry has yet to be satisfied. We find
hz € n:(Zk" !3) .

or h &Ry /2k-¥.

3.4 Thus, for the usable portiow of the scope range, we have

h-h o for h‘kn.

(27)

(28)

(29)
(30)

(31)

(32)

(33)

-2 = {Ba(1-F) - 2B forkmasn s n /e OV

0 , for hiB.Jzk-k",-
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or in terms of 0 ,

l-1s8iné s for sin 0 £ k

. | 2

B'n‘°= 1--!2‘--';;".:“- x€sin0s,/2x- (35)
0 s for sin © i,/Z): -?

3.5 The improvemeat in usable range, measured by Ry -~ R, , s
then given by

Py , for O € sin @ € k
3

k, sla® 00 , for k € sin @ € §in 0, (36)

R, -8 % 2k
» W
H 4
By __1;k+_—.';"k°-]~.-%k,forsin‘o‘unO‘JZK-;
l:l’-k- 2k , for J2k-K’ E gin 0 £ 1

R =R
3.6 The saximum value of ( °R. 1) occurs for sin 0 = /2 ke ¥,

We find

-1,

R
2 ll.20.
—x( e ) 3(1 2n. (37)

3.7 Equations (36) and (37) were used to compute the curves
appearing ia Fig. 3.

3.8 The followiag values illustrate the reading of Figure 3:
vhen h = 2.37 and R, = 30.0; (Ro-1R;) = 15.0.
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1V. Conclusjon

Vhen the more desirable ground-range presentation is mot
available and the radar set does permit the use of a constant delay,
the -agnitud'o of the delay to bde used has an optimum ;alue predicated
upon the problem stated in Section I. This optfnun value may bde

obtained directly from Figure 2 with sufficient accuracy.
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